The Iraqi Zagros Orogenic Belt includes two separate ophiolite belts, which extend along a northwest-southeast trend near the Iranian border. The outer belt shows ophiolite sequences and originated in the oceanic ridge or supra-subduction zone. The inner belt includes the Mawat complex, which is parallel to the outer belt and is separated by the Biston Avoraman block. The Mawat complex with zoning structures includes sedimentary rocks with mafic interbedded lava and tuff, and thick mafic and ultramafic rocks. This complex does not show a typical ophiolite sequences such as those in Penjween and Bulfat. The Mawat complex shows evidence of dynamic deformation during the Late Cretaceous. Geochemical data suggest that basic rocks have high MgO and are significantly depleted in LREE relative to HREE. In addition they show positive ε N values (+5 to+8) and low 87Sr/86Sr ratios. The occurrence of some OIB type rocks, high Mg basaltic rocks and some intermediate compositions between these two indicate the evolution of the Mawat complex from primary and depleted source mantle. The absence of a typical ophiolite sequence and the presence of good compatibility of the source magma with magma extracted from the mantle plume suggests that a mantle plume from the D layer is more consistent as the source of this complex than the oceanic ridge or supra-subduction zone settings. Based on our proposed model the Mawat basin represents an extensional basin formed during the Late Paleozoic to younger along the Arabian passive margin oriented parallel to the Neo-Tethys oceanic ridge or spreading center. The Mawat extensional basin formed without creation of new oceanic basement. During the extension, huge volumes of mafic lava were intruded into this basin. This basin was squeezed between the Arabian Plate and Biston Avoraman block during the Late Cretaceous.
Introduction
Since the early Archean, mantle plumes have had an essential role in the development of the oceanic crust, continental rifting, hot spots and large igneous provinces [1, 2] . Mantle plumes are broadly envisaged to cause the upward movement of materials from the deeper parts of mantle accompanied by transfer of heat. Mantle plumes are hotter than the ambient mantle at shallower levels, and they have been widely invoked as the causes of intraplate magmatism. Partial melting may result from decompression of hotter material at shallower depths in the mantle [3] [4] [5] [6] [7] and extension of the lithosphere [8] [9] [10] or delamination of portions of the mantle lithosphere [11, 12] . Mantle plume melts directly interact with the depleted lithosphere causing partial melting at different depths. All these mechanisms are responsible for the development of different magma types such as; OIB, NMORB, EMORB and sometimes alkaline magma in different tectonic settings [13] [14] [15] [16] [17] [18] [19] . The northern and northeastern parts of Iraq are considered parts of the Zagros Orogenic Belt, which extends from southeast Turkey through northeast Iraq and northwest Iran to northern Oman. Several structural classifications of Iraq have been proposed. [20] classified the Iraqi Zagros Belt into three structural units: the outer stratigraphically lowest (Naupurdan) unit of flyschlike sediments; the middle volcano-sedimentary (Walash) unit and the inner stratigraphically highest (Qandil series) unit. [21] Classification is based on the plate tectonic theory is the most recent classification of Iraq . According to this classification, Iraq is divided into three main tectonic zones: (1) the Stable Shelf including the central and western parts of Iraq; (2) the Unstable Shelf with four subzones, including the northern and east-central part of Iraq, which are characterized by structural trends parallel to the Taurus-Zagros Suture Zone; and (3) the Suture Zone which extends through the extreme northeast of Iraq and comprises three major parts: the QulqulaKhwakurk, the Penjween-Walash, and the Shalair zone. The Iraqi Zagros Suture Zone was formed within the NeoTethys ocean and then thrust over the Arabian Plate in the Late Cretaceous obduction, followed by collision during the Miocene-Pliocene. The Penjween-Walash Zone represents the main central Neo-Tethys, forming a continuous belt that extends along the Iraq-Iran border and has been thrusted over the Qulqula-Khwakurk Zone [21] [22] [23] [24] . This zone comprises volcano-sedimentary sequences, which formed during the Cretaceous ocean spreading in the Neo-Tethys, as well as Paleocene arc volcanic-mafic and ultramafic intrusions, which were emplaced during the final closure of the Neo-Tethys Ocean. The PenjweenWalash Zone constitutes three thrust sheets: the struc- Figure 1 . The distribution of mafic and ultramafic rocks [51] as two parallel belts in the northeast of Iraq extending in a northwest-southeast direction. The inner Mawat group and the outer Penjween-Boulfat, which extends to the Iranian border. These belts are separated by the QulqulaKuwakurk subzone. The inset map is the Geological map of Iraq [66] which shows the main structures in Iraq.
turally lowest Naupurdan, the middle Walash and the upper Qandil Eocene-Oligocene series [43] . The upper Qandil contains mafic and ultramafic massifs represented by Mawat, Penjween, Bulfat and Pushtashan [23] . The Shalair Zone is the structurally highest thrust sheet in lraq and it is considered an integral part of the SanandajSirjan Zone of lran [25] within the extreme northeast of lraq. This zone is the inner-most metamorphosed unit of the Upper Permian overlain by Jurassic and Lower-Cretaceous fore-arc meta-sediments and Upper Cretaceous calc-alkaline andesite (Kata Rash unit) with imbricates of the Upper Triassic deep water carbonates. The Mawat area is located in the northeast of Iraq (Fig.1 ) near the Iranian border and is mainly composed of mafic rocks with minor ultramafic rocks. This complex does not show a typical ophiolite sequence, but has some affinity to an ophiolite complex, therefore most researchers have considered it as an ophiolite complex comprising a remnant of Neo-Tethys oceanic crust in the Zagros Suture Zone. The goal of the study is to investigate the geochemical affinities of the Mawat Complex in order to develop a model for its petrogenesis based on the chemical and isotopic data and to suggest a new scenario based on a proposed mantle plume along the Arabian passive margin during the formation of Neo-Tethys oceanic crust between the Arabian and Iranian Plates.
Regional geology
The Cretaceous Mawat complex (Fig. 2 ) covers an area of about 250 square kilometers [22, 26] and as mentioned is a part of Penjween-Walash Zone [21] . This complex is situated between two thrust sheets from the east and the west with NW-SE trend. The western thrust sheet is the Naopurdan Formation, which is composed of sedimentary sequences of Eocene-Oligocene limestone. The eastern sheet is a complex sequence of regionally metamorphosed red shale, limestone, and metamorphosed mafic volcanic and intrusive bodies. This sheet is correlated with the Walash Volcanic Series of Eocene age [22, 27] The Naopurdan and Walash sheets generally overlie some flysch sediments of Upper Cretaceous age (Shiranish, Aqra, and Tanjero Formations). The outcrops of the Mawat complex observed in the field include the following successions from the upper to lower stratigraphic levels: Recrystallized limestone with interlayered mafic tuff are observed in the upper part (Fig. 2) suggesting a submarine origin for this complex. The mafic rocks are the main components of the intrusive bodies and include gabbro and basaltic rocks, which extend for about 250 square kilometers. These rocks are the main subject of this paper. The separation of these rocks into different groups is difficult, because in most cases they are deformed and mixed with sediments and are also largely covered by farmland. In the lower (western) parts they over-thrust the younger Tertiary red beds sediments (Fig. 2) . In general, dynamic deformation has affected the entire Mawat complex, with different strain rates in the brittle and ductile zones, and as a result the rocks mainly have a mylonitic fabric. In the ductile zone high-grade shearing has produced sheath folds and isoclinal folds, stretched lineation and boudinage ( Fig. 3 . a, b, c and d), although some mylonitic foliation is found to surround some less deformed parts (Fig. 3 f, g ). In the low strain domains there are relict gabbroic textures that have been surrounded by mylonitic foliation (Fig. 3  g and h) . In the southwest of the complex there is welldeveloped sigmoidal boudinage with C planes that may be mistaken for pillow structures (Fig.3 h) . Brittle zones are developed in the rim of the Mawat complex, where the rocks have been crushed without mylonitic foliation ( Fig.  3 i and J) . On the other hand, within the central part, some un-deformed gabbroic rocks occur. Our field observations indicate that mylonitic gabbros and volcanic rocks, deformed in the shear zone at low to intermediate metamorphic grade, are the main components; hence, dynamic deformation is responsible for Mawat metamorphism.
The ultramafic rocks extensively overthrust the mafic rocks (Fig. 2) . They comprise dunite, harzburgite and pyroxenite. At the base, in contact with the mafic rocks, they are deformed and crushed. Outcrops of ultramafic rocks at the Mawat Complex are much less common than at other complexes such as the Penjween or those of the Zagros ophiolite in Iran, e.g. in the Kermanshah and Khoy area where the main body of the ophiolite complex comprises ultramafic rocks [28] [29] [30] [31] . Mawat ultramafics show false bedding because of parallel fractures (Fig. 4 a and b) , and are variably serpentinized [32] and rich in chromite pods 32, 33. The harzburgite and dunite are cut by some fresh clinopyroxene dykes (Fig. 4 c) . In addition, there are some metavolcanic rocks representing either tuff or lava layers, interbedded with some marble layers in the west and northwest of this complex (Fig. 4 d, e and f). The Mawat complex is overlain by the Gimo group, which is composed of marble and volcanic rocks. Late stage granitic dykes cut the complex.
Petrography
Petrographic study of the mafic rocks shows that most of these rocks have been deformed. As mentioned in the geological background, the main fabrics are mylonite, protomylonite and less frequently ultra-mylonite. The dominant mineral is clinopyroxene, partially altered to chlorite+tremolite+actinotile. After pyroxene, the next most abundant phase is plagioclase, some of which is altered to calcite+epidote+albite. These rocks show porphyroclastic texture with large pyroxenes as well as secondary amphibole and plagioclase phenocrysts. The effect of dynamic deformation on these rocks is obvious from the appearance of shear structures such as S-C planes, mica fish, stretching lineation and isoclinal and sheath folds [67] . These structures suggest the ductile deformation occurred at high strain rates and moderate temperatures (a, b, c, d and e). Conservation of some undeformed parts between the mylonitic foliation (f, g), sigmoidal boudinage in metavolcanics (h) and brittle deformation in the gabbroic and volcanic rocks, which reflects deformation at low temperatures without formation of mylonitic foliation (i, j).
( Fig. 5 a and b) . In addition, the sigmoidal shape of actinolite between the shear bands, the isoclinal folds in the quartz ribbon and the mica fish structure in actinolite developed with mylonitic foliation (Fig. 5 d, e) . Also, some plagioclases and some relict clinopyroxenes show brittle deformation in the low strain area. Finding fresh samples in these rocks is difficult, but some relict parts show the granular and porphyritic textures that indicate source mafic volcano-plutonic rocks such gabbro and basalt. The modal classification of these rocks is somewhat difficult because of significan deformation and alteration to metamorphic minerals. Dynamic structures and fabrics as well as mineral paragenesis suggest that metamorphism has occurred in the shear zone of low to medium grades of green schist to lower amphibolite facies, resulting in the formation of some high grade structures such as mylonitic fabric in this complex. The ultramafic rocks are completely deformed and show the tectonite structures. They are mantle ultramafics with no evidence of cumulate texture (which would suggest crystallization from the mafic magma in a magma chamber). The ultramafic rocks are classified into three groups: the first is dunite, which is composed mainly of fresh olivine, some of which show serpentine minerals around the rims and within fractures. Previous studies [32] have shown that the serpentine in these rocks is mostly chrysotile that formed at high temperature. Kink and deformation bands appear in dunite with disseminated chromite. The chromite is observed as black coarse grains on the macroscopic and microscopic scale. Harzburgite is the second group of ultramafic rocks in this area and is composed of orthopyroxene and olivine with chromite. Some orthopyroxenes are fresh and some are replaced by bastite, whilst some of the olivine grains are partially replaced by serpentine. Clinopyroxenite dykes which cut the ultramafic rocks are composed mainly of fresh clinopyroxenes with some grains partially altered along the cleavage planes to secondary amphiboles. The late-stage felsic granitic dykes are composed of alkali feldspars, quartz, muscovite and tourmaline and show coarse grain granular texture. 
Analytical technique
Following the study of thin sections, several samples were chosen for whole-rock chemical analysis. An XRF Rigako machine (Nagoya University, Japan) was used for analyses of the major elements. For chemical analyses 0.70 g sample plus 6.0 g lithium tetra-borate after was used. Each sample was melted at a temperature of 1050
• C for 15 to 25 minutes. In some cases, in order to produce a homogeneous glass bead the melting was repeated two or three times. Losses on ignition (LOI) were calculated by weight difference after ignition at temperature of 950
• C. 100 to 200 mg of powder of the homogenized samples was then decomposed in 3 ml HF (50%) and 0.5 to 1 ml HClO 4 in a covered Teflon beaker, at a temperature range of 120-140
• C on a hot plate in a clean room. After 72 hours the cover was removed and the samples were dried on a hot plate at 140
• C under an infrared lamp for 24 to 48 hours to make sure that the samples were completely dry. The second step involved dissolving the dried samples in 10 ml HCl 2.4 normal . After centrifuging the solution, the residue was transferred to small Teflon beakers and the dissolved solution was kept in these clean Teflon beakers. After drying the residue on a hot plate 1.5 ml concentrated HF and 0.5 ml concentrated HClO 4 were added .The small Teflon beakers were then put inside the jacket steel bomb in the oven at 180
• C for 3-5 days until the restite minerals were completely dissolved. Finally, after cooling, these solutions were mixed with the previous dissolved solutions. The dissolved samples were dried again on the hot plate at 100 to 120
• C with infra-red lamps. After drying, the samples were dissolved in 10 ml HCl of 2.0 molar and the resulting solutions were divided in to three parts at the ratio 3:1:1 for Sr-Nd isotopes and REE, 1 part for isotope dilution and 1 part for trace elements. Then, all samples were dried on the hot plate under infrared light. For trace elements concentration measurement the following procedure used: After drying, the samples were diluted in 16ml HNO 3 (2%) in order to maintain consistency with our ICP-MS standard calibration, using standard solutions for the elements of the interest, ranging in concentration from 0.02 to 30 ppb. We diluted the samples with HNO 3 (2%) again in the measuring bottles using 0.25 to 0.5 mg of sample solution and 10 mg HNO 3 (2%). The mixed solution could then be measured with ICP-MS. After drying the solution, an HCl ion exchange column was used to collect the Sr and REE. The REE solutions were divided into 1:10 parts for REE and natural Nd isotopes. The REE solutions were dried on the hot plate at low temperature under an infrared lamp. Dried samples were dissolved in 0.5ml concentrated HNO 3 . To exclude Ba, the HNO3 ion exchange column was used. The final solutions were dried and dissolved in 10ml HNO 3 (2%), then diluted to around 1/10th with HNO 3 (2%). The ICP-MS Agilent 7700 Mass Hunter was used for trace and REE analyses in this project. For solutions an internal standard is needed and so the concentrations of elements were measured in two different conditions: Argon and no gas. Finally, the low RSD was used for calculation of the concentration of elements. The error in the ICP-MS based on the factory brochure is less than 5% and extended to 3%. For the natural isotope analyses of Sr and Nd, 100-200 ng Sr with 2 M H3PO4 was loaded on a Ta single filament and 100-200 ng Nd on a Re triple filament. Procedure blanks are 19.52 ng for Rb, 3.07 ng for Sr, approximately 0.4 ng for Nd, and approximately 0.06 ng for Sm. Sr and Nd isotope ratios were measured using a thermal ionization mass spectrometer (TIMS), VG Sector 54-30, at Nagoya University, Japan. The mass fractionation during the Sr and Nd isotope measurements is corrected based on 86Sr/88Sr = 0.1194 and 146Nd/144Nd = 0.7219. The isotope abundances of Rb, Sr, Nd, and Sm based on the ID method were measured with a thermal ionization-quadruple mass spectrometer (Finnigan MAT Thermoquad THQ) at Nagoya University. In this work, NBS-987 and JNdi-1 [34] were adopted as the natural Sr and Nd isotope ratio standards, respectively.
Geochemistry

Mafic group
The results of the chemical analyses are listed in table 1. Chemical data from some less altered and fresh samples show that the Mawat volcano-plutonic complexes are rich in MgO and CaO, while depleted in K 2 O+Na 2 O and TiO 2 . An important characteristic of the Mawat complex is the low values of TiO 2 (<0.5%) as compared to MORB and back arc basin basalts (BABB). Also these data show that Mawat is not a simple igneous complex. It can be separated into three different groups: the first group comprises the main body of this complex and we call it high Mg basalt (HMB). The second most abundant group after the HMB is the basalts and andesites. The third group has outcrops as tuffacious layers between the sedimentary bands of limestone and chert to the north and west of the complex. Geochemical data do not show continuous trends between these three groups (Harker diagram not shown). Plotting the data on classical diagrams such as the Le Bas et al [35] diagram showed that these samples fall in the basalt, andesitic basalt and trachy-andesite fields (Fig. 6 ). Also this diagram shows that all samples plot in the sub-alkaline field and are characterized by low alkali elements (Na 2 O+K 2 O <2%). The amount of TiO 2 is low (Table1) in comparison with other MORB examples such as the Atlantic, Pacific and Indian oceanic basalts (1.32, 1.66, and 1.22% respectively; Georock references data base). Also the Mg number (Mg#) is variable between 73 to 85 and 36 to 73 and 67 for HMB, in the second and third groups respectively. The second group has some affinity with NMORB ( Table 1 ). The HMB rocks also have variable amounts of Al 2 O 3 and CaO which range from 12-25 Wt. % and 7-16 Wt. % respectively. These values are much higher than those of normal oceanic basalt whereas Fe 2 O 3 contents are much lower than that of normal oceanic basalts. REE patterns normalized to Primitive mantle (PM), NMORB and OIB respectively (normalization values after [36] ) are shown in Fig.7 a, b and c respectively. These patterns suggest differences in trends in the three groups. Positive trends are clear in the second group from the LREE to HREE with different slopes. The HMB rocks show much depleted REE compared with NMORB and OIB, but the second group shows some affinity with NMORB and to lesser extend with OIB. The third group shows a different trend from the two other groups, characterized by a negative trend from the LREE to HREE with a low gradient. For discrimination of the magma type we have used the ∆Nb according to the following formula: ∆Nb=[1.72+Log (Nb/Y)-1.92Log(Zr/Y)] [37] . The calculated ∆Nb values (Table.1) for both HMB and the second group are positive and vary from 1 to 3 and 2-3 for HMB and second group rocks respectively, whereas the third group shows negative values (-0.2). The positive ?Nb values confirm OIB-type magma, because ∆Nb in MORB type magma is generally less than zero [37] . Data from the GeoRock database confirm that the ∆Nb values for Atlantic, Pacific and Indian oceanic crust are negative. In the Nb/Yb versus the Th/Yb ratios diagram [38] these samples show positive trends and all are plotted within the mantle array (Fig. 8 a) . The HMB samples are plotted close to MORB and extend to the OIB [39] . On Nb/U versus the Nb diagram (Fig. 8-b ) the HMB are characterized by high Nb/U ratios and high Nb and all have plotted outside the MORB and OIB fields. The second group is extended to the MORB and OIB field whereas the third group differs from these two and falls in MORB and arc fields. This indicates that the three groups of rock have high Nb value. On Pb versus Pb/Ce diagram (Fig. 8 c) [39] , the second and third groups plot at near the OIB field but HMB is different and shows the high Pb and Pb/Ce ratios values (1-100). This probably reflects some contamination with continental sediments, but this must be taken with caution because the behavior of the other elements does not confirm the effect of contamination with continental materials [40] . Also on the La/Nb versus Ba/Nb diagram [39] these rocks show positive trends (Fig. 8-d ), but the values of La/Nb ratios for HMB group are much lower than MORB and OIB, where the second and third groups are plotted near OIB and arc fields.
Ultramafic rocks.
The ultramafic rocks show low SiO 2 content ranging from 39 to 41 Wt. % with a higher percentage of SiO 2 in the clinpyroxenite dyke (53.10 Wt. %) ( Table 1) . High values of MgO (45 Wt. %), and low values of Al 2 O 3 and CaO (less than 0.3 Wt. % and o.7 Wt. % respectively), indicate that there is no, or very rare, clinopyroxene in these rocks. Field, petrographic observations and chemical data demonstrate that these ultramafic rocks are harzburgite and dunite. In addition, they are rich in Cr (1827-4906 ppm) and Ni (501-2736ppm). These rocks are much depleted in REE and the total REE is less than 1 (Table 1) , which suggests that these rocks have not been metasomatized by OIB-type magma or slab-derived fluids. 
Granitic dyke
The felsic granitic dykes are characterized by high SiO 2 and Al 2 O 3 ( Table-1 ) and generally are of peraluminous S-type granite. (Fig. 9a  and b) . For the third group of mafic rocks this value is 0.7055. All groups have low 87 Rb/ 86 Sr ratio, at less than 0. 2 and 0.03 in the HMB and second group respectively (Table 2) . Plotting 87 Sr/ 86 Sr versus 143 Nd/ 144 Nd shows that the mafic rock assemblages fall within the depleted mantle field (Fig. 9-c) , with a negative trend between the 143 Nd/ 144 Nd and 87Sr/86Sr ratios. The calculated εNd values for all three groups range from +5 to +8 while the εSr values range from -3 to +17. This indicates a depleted mantle source for Mawat mafic rocks. Plotting the three mafic groups on the 87 Sr/ 86 Sr-143 Nd/ 144 Nd ratio diagram suggests a mixing trend between these three groups ( Fig.9-d) . Group 2 samples are plotted between the HMB and third volcanic groups but are much closer to the third group (Fig. 9-d ).
Sr-Nd Isotopes
Discussion
The Zagros ophiolites extend as two separated parallel belts with NW-SE trends between the Arabian and Iranian Plates. In the northeast of Iraq these two are separated by the Biston Avoraman Block (BAB) with Triassic to Jurassic deep marine sediments (Fig. 10) . Outer ophiolite zones such as Pejnween and Bulfat (Fig. 2) show a complete ophiolite sequence, comprised of pillow lava, sheeted dykes and layered gabbro and show good correlation with the Iran Zagros ophiolite [41] [42] [43] . [44] proposed this complex as a suture zone between the Arabian and Iranian Plates. The Mawat complex has been considered as an inner belt and as a part of an inner ophiolite belt which have been generated in the mid-oceanic ridge, island arc or supra-subduction zone settings [22, 24, 26, 27, 33, [45] [46] [47] [48] [49] [50] [51] [52] [53] . [54] proposed an extensional tectonic regime during the Triassic to Jurassic and a compressional regime throughout the Cretaceous and Tertiary in this area. [55] considered the Mawat -Chwarta areas as a graben basin that has formed by subsidence attributed to the normal faulting. [21] considered the Mawat complex to be different in lithology and sequence to the Penjween complex and considered a completeophiolite sequence to be abasent. Our findings do not support a typical ophio- La/Nb ratios for HMB samples are less than those for the two other groups. This diagram shows that the HMB group is completely different and has no affinity with MORB or OIB but the two other groups another show some affinity with OIB. Symbols are the same as Fig.6 . Ratios for the MORB/OIB, bulk silicate earth and upper continental crust are from [68] [69] [70] [71] . Fields for MOIB/OIB and arc volcanism are compiled from [72] .
lite sequence in this area. Also [21, 55] have considered the extension tectonic regime without the development of oceanic crust. Our new chemical and isotope data indicate that magmatic activity in the Mawat area has some affinity to OIB type and HMB rocks. Also, the chemical and isotope data confirm the mixing trend for group 2. The isotope ratios, REE trends and the quantities of major and trace elements do not confirm the MORB, island arc or supra-subduction zone as the magma sourcefor the Mawat area. Our findings do not support the role of slab fluids or crustal contamination for the source magma, or contamination during the upwelling of magma. But they show some affinity with a mantle plume from depth and contamination with some OIB-type magma. Furthermore, the high amount of MgO reflects the high degree of melting of the source mantle under high temperature and lowpressure conditions. The predominance of mafic rocks with high MgO and the distribution of different types of rocks in some sort of ring structure in the Mawat complex lead us to the conclusion that a hot spot or mantle plume is the source for the production and distribution of the voluminous magmatic rocks in this area. In order to provide context for our proposed model, we will briefly summarize previously described mantle plume models [37] . They proposed the three models for plumes from the different source as below ( Fig. 11 The ages were calculated using ISOPLOTV3.71 [73] with λ = 1 42 × 10 − 11 − 1 for Rb-Sr [74, 75] . UCC = upper Continental Crust [76] . Ocean. At that time, because of the extensional tectonic regime some normal faults developed on the Arabian passive margin, causing the formation of extensional basins parallel to the Neo-Tethys oceanic ridge in the Arabian passive margin (Fig. 11a and b) . This extension continued accompanied by the thinning of the continental lithosphere causing upwelling of the mantle plume, with significant melting below the Arabian passive margin. During the extensional tectonic regime, a graben-type basin was formed in Mawat area, accompanied by deposition of sediments, and volcanic activity such as OIB type magma intruded into this basin, hence, some OIB-type basaltic magma crystallized between the sedimentary layers. The absence of pillow structures and pelagic sediments indicates a relatively shallow water depth. In this case most of the OIB-type magmas have been concentrated in the rim of Mawat complex. With more extension significant melting of the mantle plume occurred and so the huge volumes of mafic magma were intruded into the Mawat basin. Some of the mafic magmas have crystallized at the base of the basin as coarse grained gabbro. This probably occurred in the Jurassic to Early Cretaceous. During the Late Cretaceous the Mawat complex was squeezed between the Arabian Plate and the Biston-Avoraman Block (BAB) and some granitic bodies have been intruded as dykes of few centimeters to few meters in width during this compression. These are S-type granites rich in Kfeldspars, quartz, muscovite and tourmaline. The Rb-Sr mineral isochrones show an age of 93 Ma for these rocks (Fig. 9e ), which corresponds with the Late Cretaceous collision in this area. During the collision, because of the thin lithosphere below the Mawat basin some residues of the depleted mantle such as dunite and harzburgite have been overthrust on the mafic complex. Overthrusting and deformation during the collision were accompanied by metamorphism, foliation and mylonitization. K-Ar and Ar-Ar dating show 107-95 Ma [61] for metamorphism in the Late Cretaceous. According to our model, the Mawat igneous complex is not produced by the obduction on the Arabian passive margin during Zagros Orogeny, because most recent works confirm that the collision between the Arabian and Iranian Plates occurred in the Late Miocene [30, [62] [63] [64] [65] . During the collision between the Arabian and Iranian plates in the Late Miocene the Mawat complex was overthrust on the Red Bed Series.
Conclusion
The Mawat complex does not show a typical ophiolite sequence, and it is composed mainly of mafic rocks, which have been intruded into an extensional tectonic regime on the Arabian passive margin. It is possible that some extensional regime affected the passive margin of the Arabian Plate since the Late Paleozoic to the Late Mesozoic. Such extension caused thinning of the lithosphere such that hot depleted mantle-plume material was melted percent to a high degree.
